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Abstract 
Biosorption-coupled reduction, as an effective and low-cost technology treating chrome- containing wastewater, has 
become a signi¿cant concern worldwide. This paper presents the results of two comparative trials, one column 
reactor was filled with unpasteurized aged refuse and the other sterilized, aiming at evaluating the performance of 
aged refuse for Cr(Ď) removal from simulation wastewater. The results indicated that the Cr(Ď) removal ef¿ciency 
was slightly better in unpasteurized chrome, which demonstrated that micro-organisms had made a tiny contribution. 
In order to elucidate the mechanism of the process, the retained medium was characterized in terms of Cr(Ď) and 
total chromium using ultraviolet–visible (UV–vis) spectroscopic techniques. Isotherm tests showed that equilibrium 
sorption data were better represented by Langmuir than Frendlich model. Two main processes involved were: 
adsorption on the surface and reduction into Crċ ) mediated by the organic matter or anaerobic microbial 
metabolism of the bacteria residing in aged refuse. Thanks to the proven ef¿ciency and the low-cost, the method can 
represent a valid alternative to conventional approaches to chromium remediation. 
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1. Introduction 
The refuse landfill basically can achieve a stabilization state after 8-10 years of degradation, and the 
matured waste is called aged refuse [1-3]. The aged refuse has the characteristics of little volumetric 
weight, high porosity, high organic content and cation exchange capability as well as good ability of 
adsorption. In addition, thanks to the vast bacterial population exist in the aged refuse [4], it’s a kind of 
biological medium with excellent performance. Therefore, the aged refuse can be used to treat waste 
water as long as the conditions are appropriate.The chromium containing wastewater exists massively in 
the industry firms that apply chromium and its compound into leather, pharmacy, dyeing industry, 
 
 Corresponding author. Tel.: 15192090685; fax.: +0-000-000-0000 . 
E-mail address: ffwang2010@126.com. 
© 2012 Selection and/or peer-review under responsibility of Basel Convention Coordinating Centre for Asia and the Pacific 
and National Center of Solid Waste Management, Ministry of Environmental Protection of China.
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
599 Fangfang Wang et al. /  Procedia Environmental Sciences  16 ( 2012 )  598 – 605 
galvanization, chrome ore, and photography material [5], etc. In addition, since there are chromite ore 
residue contaminated site in many provinces and cities in our country. Especially in China because of 
historical reasons, the chromium salt slag produced by the production company was simply piled up, 
leading to the production of chromium leachate, contaminated soil and groundwater. Therefore, it’s urgent 
to deal with the Chromium containing wastewater. The aim of this work is to explore the potential of 
“aged-refuse-based bioreactor” to treat chromium pollutants in solution. The efficiency and the 
elimination mechanism of hexavalent chromium in solution by aged refuse bioreactor were studied by 
means of two comparative trials. Based on the experimental results, the adsorption isotherm was also 
established. 
2. Materials and methods 
2.1. Preparation of the material 
The aged refuse was obtained from Shanghai Laogang Domestic Waste Landfill Site, which were 
buried more than eight years. After simple sorting, such as picking out the stones, small pieces of wood, 
plastic, rubber, glasses and other sundries, some of the material was sifted into 1 mm-sized pieces. A 
portion of the material was sterilized in an autoclave. Hexavalent chromium solutions were prepared by 
dissolving appropriate amounts of K2Cr2O7 in deionized-distilled water, the initial pH was about 7.1-7.2. 
All chemicals used in the current study were analytical grade.  
2.2. Experimental set up 
2.2.1. Column experiment 
The column experiments were carried out in two glass chromatographic columns having height and 
diameter equal to 50 and 4 cm, respectively. One column was filled with unpasteurized material, named 
column.1, the other the sterilized material, named column.2, the material filled inside both weighed 350 
grams. 
A ¿lter was attached at the bottom of the column to ensure a uniform inlet Àow and to support the 
biomass, followed by a layer of about 1 cm thick or so of blinding of about 1 cm height and a layer of 
about 3 cm thick or so of silver sand in order to obtain a good liquid distribution into the column. Another 
silver sand layer was placed on the top of the column to avoid the loss of aged refuse. Solutions were fed 
through the bed in up-Àow mode with a peristaltic pump (LONGER, LEAD) connected at the bottom of 
the column. The outlet was collected in high density poly-ethylene (HDPE) bottles. Sampling were carried 
out daily and immediately introduced in poly-ethylene (PE) vials and analyzed, including CODCr, pH, 
oxidation reduction potential (ORP) and Cr(Ď). All tubing and connections were of VitonTM. 
The experimental activities are named as shown in Tab.1. 
Table 1. Experimental phases 
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phase feed(mg/L) days(d) Àow rate(mL/d)
ĉ 10 36 250 
Ċ 20 20 250 
2.2.2. Equilibrium metal sorption experiments 
The metal sorption behavior of aged refuse was investigated using batch equilibrium experiments. 5.0 
g material was equilibrated with 50 mL of Cr(Ď) solution at 25ć and various concentrations of 10, 20, 
50, 100, 500 mg/L on an electrical shaker (with water bath) at 150 rpm for a designated time (0-100 h). 
The mixture was centrifuged and the concentration of Cr(Ď) was analyzed.  
The experiments were carried out in duplicate and the results given here are the average. 
2.3 Chemical analysis 
A colorimetric method, as described in the standard methods [6], was used to measure the 
concentrations of the different chromium species. The pink colored complex, formed from 1, 5-
diphenylcarbazide and Cr(Ď) in acidic solution, was able to be spectrophotometrically analyzed at 540 
nm (GENESYS TM 5, Spectronic Inc.). The pH, ORP and CODCr were determined using a pH-meter 
(pH-3C), oxidation-reduction potentiometer (Thermo Orion) and the potassium chromate method 
respectively. 
 
3. Results and Discussion 
3.1. Column Experiments 
3.1.1 Variable trend of CODCr 
 
Fig. 1. Evolution of COD in solution as a function of time 
˄1˅phase ĉ 
The effluent was detected after 3 days’ feeding, in this phase, the total inflow was about 8750mL and 
the outflow about 7000mL of each column. 
The initial CODCr values in the outlet were between 650̚800 mg/L, both showed a downward trend 
with the extension of time. After 5 days, the CODCr values generally dropped below 100 mg/L (Column.1) 
and 150 mg/L (Column.2) respectively. A maximum of CODCr appeared in the beginning because of the 
eluviation of the plentiful organic matter contained in the aged refuse. When the wastewater flowed 
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through, the organic matter was oxidized by hexavalent chromium compounds, so CODCr gradually 
reduced, but the trend was more obvious in the outlet of Column.1 (Fig.1) as there had no biological 
effects of micro-organisms in column.2. After 10 days, the organic matter was consumed almost entirely, 
each CODCr was reduced to 50 mg/L or less, and slowly decreased to around 20̚25 mg/L till the end of 
this phase. 
˄2˅phase Ċ 
The total inflow was about 5000 mL and the outflow about 4000 mL of each column. 
As Organic matter continued being oxidized by hexavalent chromium ion, CODCr still showed a steady 
downward trend with a range between 10 to 25 mg/L even though the influent concentration was raised to 
20 mg/L, without violent fluctuations.  
3.1.2 Variable trend of pH 
 
Fig. 2. Evolution of pH in solution as a function of time 
˄1˅phase ĉ 
Figure 2 showed both of the pH trends were increased first and then decreased, which can be 
reasonable explained using the oxidation-reduction reaction between hydrogen ion and chromium ion as 
follows: 
Cr2O72í + 14H+ + 6eí ļ 2Cr3+ + 7H2O    E0=1.33V 
HCrO4í + 7H+ + 3eí ļ Cr3+ + 4H2O        E0=1.35V 
When wastewater flowed through, the organic matter was oxidized by Cr(Ď) in the reaction of 
hydrogen ions involved in, so the increase of pH with time due to the protons consumed by the redox 
reaction. The pH in the effluent from Column.1 stabilized at about 8 at phase with minor fluctuationsĉ , 
while Column.2 had almost an overlapping curve until the 27th day when Cr(Ď) was detected for the first 
time, and till the end of phaseĉ, the pH decreased slowly to 7.69.  
˄2˅phase Ċ 
When the initial concentration increased from 10 to 20 mg/L, there wasn’t enough organic matter to 
restore Cr(Ď), so the pH became to fall back, but still kept in between 7.2 and 7.9 due to the leachating of 
aged refuse presented weak alkalinity itself. 
With the content of organic matter decreasing gradually, the reaction rate fell and the pH decreased. 
Another reason for pH decline may have something to do with the hydrolysate of humus. It’s known that 
aged refuse was rich in humus, which can be chemically degraded to monomers, such as redox reaction, 
phenolysis and enzymolysis [7], and decomposition products included not only CO2 and H2O, but also 
oxalic acid and acetic acid [8].  
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3.1.3 Variable trend of Cr( ) Ď  
 
Fig. 3. Evolution of  Cr(Ď) in solution as a function of time 
˄1˅phase ĉ 
It demonstrated that no Cr(Ď) were observed in the effluent of Column.1 during this period, Cr(Ď) 
was completely removed by means of being restored by organic matter, microorganisms and adsorbed by 
aged refuse; the absence of microorganisms in the sterilization column resulted in the decrease in 
efficiency with the contact time prolonged, Cr(Ď) can be detected on the 27th day, and the concentration 
increased from 1.28 to 4.76 mg/L, and the removal efficiency decreased from 100% to 71.97%. From the 
above comparison and contrast, it could easily be concluded that the micro-organisms in the aged refuse 
also played a certain role in Column.2 in handling of Cr(Ď), unpasteurized aged refuse had a higher 
treatment effect. 
˄2˅phaseĊ 
When the influent Cr(Ď) concentration was controlled at 20 mg/L, both of the test columns effluent 
showed an upward trend in Cr(Ď), but the trend of rise was more gently in Column.1, whose Cr(Ď) 
concentration increased to 8.56 mg/L on day 20, so the final removal rate was 57.2%. The Cr(Ď) 
concentration showed a linear growth trend in the effluent of column.2, the final Cr(Ď) was approaching 
the feeding, and the removal rate was only 0.25%. 
As the organic matter was gradually being consumed, the adsorption capacity of aged refuse was 
limited and would be weakened with the increase of influent concentration and time, so it was the 
microorganisms that led to the differences, we cannot ignore the role that microorganisms played. 
3.1.4 Variable trend of ORP 
 
Fig. 4. Evolution of ORP in solution as a function of time 
˄1˅phaseĉ 
The ORP value was tested from the 14th day, Figure 4 showed both ORP values of the effluents were 
improved when reaction time increased, gradually increased from -46.2 to 447.8 mv. The lower the redox 
potential is, the more conducive to the reduction reaction. Variation trend of ORP was similar to that of 
Cr(Ď) concentration. 
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˄2˅phaseĊ 
The ORP continued to show an upward tendency, correspondingly, the Cr(Ď) concentration gradually 
increased, but it was more slowly in Column.1 because of its lower ORP. 
3.1.5 Analysis on the content of chromium adsorbed in aged refuse 
Took the aged refuse out of the columns and then let them naturally air dried indoors, mixed the fines 
evenly, and finally take some samples to determine the content of  Cr(Ď) and total chromium. The results 
were showed in Tab.2. 
Table.2 Comparison of the content of Cr (Ď) and total chromium in Aged refuse. Unit: mg/kg 
 Column.1 Column.2
TCr 179.58 161.94 
Cr (Ď) 15.30 18.95 
It showed that the chromium adsorbed in the surface of aged refuse is mainly in the trivalent form, only 
a small amount of Cr(Ď) was measured. This indicated that most of the Cr(Ď) was reduced to Cr(ċ). 
3.2 Sorption isotherms 
Adsorption isotherms were studied in order to determine the af¿nity between sorbent (biomass) and 
sorbate (metal), and its distribution in the liquid and solid phases. Equilibrium data analysis and its 
modeling allow predicting metal biosorption.  
3.2.1 Langmuir Isothermal Adsorption Model 
Langmuir [9-11] isotherm is expressed as: 
Qe = Q0 b Ce / (1 + K Ce) (1) 
Where Qe is the amount of adsorbed on unit mass of the adsorbent (mg/g), Q0 the quantity of adsorbate 
required to form a single monolayer on unit mass of adsorbent (mg/g), Ce the quilibrium concentration of 
aqueous solution (mg/L), b the Langmuir constant (L/mg).  
Inverting Eq. (1) we obtain: 
1/Qe = 1/ Q0 b Ce + 1/Q0 (2) 
By plotting 1/Qe against 1/Ce using experimental data, a straight line is obtained (Figure 5). Using the 
slope and the intercept of this line, b and Q0 were figured out (Tab.3). 
An essential characteristic of the Langmuir isotherm, separation factor (RL), was calculated via the 
equation as: 
RL = 1/ (1 + b C0) (3) 
where C0 is the initial concentration of Cr(Ď ). RL describes the type of Langmuir isotherm as 
irreversible (RL=0), favorable (0<RL<1), linear (RL=1) or unfavorable (RL>1).  
 
Fig. 5. Langmuir plot for the sorption of CrĎ) ions onto aged refuse 
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Table.3 Fitting parameters for the Langmuir isotherm models 
Langmuir equation q0/mg·kg-1 b R2 
1/q=0.1488/ce+0.0016 625 0.0108 0.9847
Table.4 The corresponding values of RL under Different initial concentrations 
C0/mg·L-1 10 20 50 200 500 
RL 0.9025 0.8224 0.6493 0.3165 0.1563
3.2.2 Frendlich Isothermal Adsorption Model 
The Freundlich [11-13] isotherm is expressed as:  
Qe = Kf Ce 1/n (4) 
where Kf and n are constants of Freundlich isotherm, Kf indicates the  relative adsorption capacity of 
the adsorbent related to the bonding energy (L/mg), n is the heterogeneity factor representing the 
deviation from linearity of adsorption and is also known as Freundlich coefficient.  
Taking logarithm from Eq (4) one drives the following: 
Ln Qe = (1/n) ln Ce + ln Kf (5) 
By plotting lnQe against lnCe using our experimental data, a straight line is obtained (Figure.6). Using 
the slope and the intercept of this line, n and K were figured out (Tab.5). 
 
Fig. 6. Frendlich plot for the sorption of Cr(Ď) ions onto aged refuse 
Table.5 Fitting parameters for the Langmuir isotherm models 
Frendlich equation Kf n R2 
q=9.8267ce0.7709 9.8267 1.2972 0.9793
Compared the Langmuir and Freundlich constants derived this study, obviouslyˈ the Langmuir 
adsorption equation could describe the process wellˈand the values of RL calculated were between 
0.1563 and 0.9025 (Tab.4), which also indicated highly favorable sorption of  Cr(Ď) on aged refuse in the 
concentration range of 10-500 mg/L.That is to sayˈthe absorption behavior is monolayer absorption. 
Comparison of Langmuir and Freundlich isotherms constants with literature data shows that aged 
refuse is not a strong adsorbent for Cr(Ď), therefore, it must be used for treatment of wastewaters with 
low chromium quantities. 
4. Conclusions 
Based on the results obtained, aged refuse can be a suitable material for the removal of Cr(Ď) from 
aqueous. Though difference was not that great, higher efficiency was observed in the column filled of 
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unpasteurized aged refuse, so the micro-organisms were doubtlessly related to the removal of Cr(Ď). 
Almost all the Cr(Ď) fed to the experimental system was converted into a stable and insoluble Cr(ċ) 
compounds. Although for Cr(Ď ) sorption two mechanisms adsorption and reduction to trivalent 
chromium have been postulated, more development is required to determine the kinetics of  Cr(Ď) 
sorption and reduction to Cr(ċ) and to investigate if sorption and reduction process occur in parallel or at 
different rates. 
In conclusion, the sorbent coupled reductant must be a potent candidate to substitute for chemical 
reductants as well as adsorbents to treat chromium-containing wastewaters, and the process using it may 
be economic and environmentally friendly. 
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